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® The patient draws air through the nebulizer from 
inlet 20 to mouthpiece 26. A housing 14 has a 
closed top 16 and a cup 34 containing liquid medi- 
cation 36 is screwed to the bottom of the housing. 
Air under pressure is injected through tube 40 and 
orifice 42 and draws liquid up the capillary tube 46 
to form droplets which impinge against a horizontal 
target 49 extending across a chimney 30. The 
droplets are thus broken into micron size droplets 
which are enhanced in the air flowing through the 
chimney from the inlet 20. 

A check valve 58,60 acts as a secondary baffling 
system to return any large droplets to the cup 34. 
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The present invention relates to a breathing 
device for administering a liquid medicant to a 
patient. 

Nebulizers or atomizers used with intermittent 
positive pressure breathing (IPPB) equipment or 
with the patient's own natural breathing effort have 
been proven effective as a delivery system for 
liquid medicant. 

A problem with many previous nebulizers is the 
size and distribution of liquid particles that are 
produced. Large droplets of medication are trapped 
on the wails of the mouth or throat, and as such, 
never pass into the lungs. For the liquid medication 
to reach the smaller passages in the bronchial 
tubes and lungs, the size of the liquid particles 
must be below 5 microns. At one time, an average 
particle size under 5 microns was acceptable. In- 
creasingly, however, an even smaller average par* 
tide size is being called for by the medical com- 
munity with certain medications and for certain 
treatments. Additionally, the actual particle count 
delivered is of great importance. 

A further problem associated with many 
nebulizers is that they are not directly responsive 
to the increase or decrease in the patient's breath- 
ing. When a patient inhales, he or she is typically 
inhaling at a rate from 15 to 50 liters per minute. 
The output of most nebulizers drops off dramati- 
cally when a patient inhales at a rate exceeding 20 
liters per minute. 

In the nebulizer to be described, all of the air 
inhaled by the patient is directed past the saturated 
mist. As the air flow to the patient's lungs is in- 
creased, additional liquid particles are delivered to 
the lungs. Conversely, when the air flow to the 
patient's lungs is decreased, the number of liquid 
particles is decreased. Thus, the amount of satu- 
rated air delivered to the patient is directly respon- 
sive to the increase or decrease in the patient's 
breathing. 

Applicant is aware of a number of prior art 
patents including Glenn (U.S. Patent No. 4,007.238) 
and Lester (U.S. Patent No. 4,512,341). 

The Lester nebulizer is connected to a breath- 
ing apparatus to allow entry of atmospheric air. The 
nebulizer is connected to a "T" in the air supply 
line. As the patient breathes in, additional atmo- 
spheric air is drawn into the lungs. The amount of 
saturated air. however, does not change in re- 
sponse to the patient's breathing. 

Applicant's prior patent (U.S. Patent No. 
4,007,238) solved the problem and provides re- 
sponsiveness to the patient's breathing. A signifi- 
cant number of improvements, however, has been 
made and are included in the present specification. 

An additional baffle system has been provided 
in the present device which serves to further re- 
duce the average particle size delivered. The baf- 



fling may be added as an option to the nebulizer 
and may be removed, if desired. The additional 
baffle system may take a number of configurations 
and is interchangeable depending on the particular 

5 medication and treatment prescribed. 

Additionally, the device more evenly distributes 
the atmospheric air which passes through the 
chimney and mixes with the saturated mist. The 
ability to provide a thoroughly saturated mist is. 

10 thus, enhanced. 

The nebulizer which will be described as an 
embodiment of the invention includes an outer cy- 
lindrical housing having a longitudinal axis vertically 
an^anged. The housing has a closed top and an 

75 open bottom. 

An atmospheric air inlet extends through a side 
wall of the cylindrical housing. An outlet tube ex- 
tends from an opening in the cylindrical housing 
substantially opposite of the inlet tube. 

20 The lower portion of the housing has a slightly 
larger diameter than the upper portion of the hous- 
ing. The lower portion and the upper portion are 
connected together by a sloping shoulder. 

Concentrically received within the housing is a 

25 chimney open at both ends. The chimney has an 
extending annular flange which rests against the 
sloping shoulder. The open bottom of the housing 
is closed by a medication cup removably attached. 
An opening through the bottom of the cup 

30 contains a tube which terminates interior to the 
nebulizer at an orifice located above the upper 
level of the liquid medication. 

Mounted near and above the orifice Is a capil- 
lary housing including a capillary tube extending 

35 from a point near the orifice downward into the 
liquid medication. During operation, a stream of 
pressurized air flowing through the orifice causes 
induction of liquid medication from the cup through 
the capillary tube where the liquid droplets are 

40 moved at high velocity into the chimney and strike 
a cylindrical target extending horizontally across 
the cylindrical chimney. 

Atmospheric air entering the nebulizer travels 
downward toward the lower opening of the chim- 

45 ney. Additionally, atmospheric air from the air inlet 
passes through an opening In the horizontal target 
extending across the chimney. Atmospheric air 
which exits the horizontal target also travels down- 
ward toward the bottom opening of the chimney. 

50 An additional, removable baffle is provided at 
the top of the chimney. A valve holder has a 
somewhat flexible body that may be force fit into 
the top opening of the chimney or may be fab- 
ricated as a part of the chimney. 

55 The valve holder has an upwardly extending 
post upon which may be placed a flexible mem- 
brane acting as a one-way check valve to allow the 
mist to exit from the chimney into the housing. 
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The fine mist of liquid particles which exits 
from the chimney into the housing and will then 
pass into outlet tube, and then to the patient. Any 
larger liquid droplets which fall out will descend to 
the annular flange, which Is provided with an open- 
ing. The liquid droplets will, thereby, return to the 
medication cup. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a nebulizer 
constructed in accordance with the present in- 
vention; 

Figure 2 is a sectional view taken along line 2-2 
of the nebulizer as shown in Rgure 1; 
Figure 3 is a sectional view of one embodiment 
of a chimney utilized as part of the nebulizer 
shown In Figure 1 ; and 

Rgure 4 is an alternate embodiment of a chim- 
ney to be utilized with a nebulizer as shown in 
Rgure 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings In detail, Figure 1 
illustrates a cross-sectional view of a nebulizer 10 
constructed in accordance with the present inven- 
tion. 

The nebulizer 10 includes an outer cylindrical 
housing 14 which is normally positioned upright 
with its longitudinal axis vertically arranged. White 
the present embodiment has a cylindrical housing, 
it will be understood that other forms might also be 
utilized. The cylindrical housing 14 has a closed 
top 16 and an open bottom 18. 

An atmospheric air Inlet 20 extends through a 
sidewall of the cylindrical housing 14. Arrows 22 
show the direction of atmospheric air which is 
allowed to pass through the inlet tube and into the 
housing 14. An outlet tube 24 extends from an 
opening in the cylindrical housing. The outlet tube 
24 is substantially opposite the inlet tube 20; other 
configurations, however, are possible. For instance, 
the outlet 24 may extend upward vertically from the 
housing 14. A removable mouthpiece 26 may ex- 
tend from the outlet tube 24. 

The lower portion of housing 14 has a slightly 
larger diameter than the upper portion of the cylin- 
drical housing. Where the lower portion meets the 
upper portion, the housing narrows to form a slop- 
ing shoulder 28. 

Concentrically positioned and received within 
the housing 14 is a cylindrical chimney 30 which is 
open at both ends - the top end 31 and bottom end 
32. The chimney has an extending annular flange 
33 which extends perpendicularly from the exterior 
of the cylindrical wall of the chimney. When in- 



stalled, the chimney is inserted in the open bottom 
18 and the annular flange rests against the inside 
cylindrical wall of the housing 14 at sloping shoul- 
der 28. The annular flange fits snugly against the 

5 lower portion. As will be observed, the chimney 30 
is removable from the housing and may be of 
different configurations. 

With the chimney so installed, an annulus is 
formed between the housing and the chimney. 

10 The open bottom of the housing 14 is closed 
by a medication cup 34 which is removably at- 
tached to the housing, in this case by means of 
threads 35. The cup is closed at the bottom for 
storing a dosage of liquid medication 36 therein. 

75 When the bottom cup is attached, a closed cham- 
ber is formed with the exception of the inlet tube 
20 and the outlet tube 24. 

An opening 38 through the bottom of the cup 
34 contains a vertical tube 40 which extends 

20 through the cup. The tube 40 terminates Interior to 
the nebulizer 10 at an orifice 42 located above the 
upper lever of the liquid medication 36. During 
operation of the nebulizer, a stream of pressurized 
air is provided through the tube 40 and orifice 42 

25 and into the closed chamber of the nebulizer 
formed by the housing 14 and cup 34. 

Mounted near and above the orifice 42 is a 
capillary housing 44. The capillary housing in- 
cludes a capillary tube 46 extending from a point 

30 near the orifice 42 downward into the liquid medi- 
cation 36. During operation, the stream of pressur- 
ized air indicated by arrow 48 flowing through the 
orifice 42 will cause induction of liquid medication 
from the cup 34 through the capillary tube 46 

35 where the liquid droplets will be moved at high 
velocity into the housing 1 4. 

It will be recognized that other capillary mecha- 
nisms might be used to draw liquid up to the 
stream of pressurized air. 

40 The open bottom 32 of the chimney 30 is 
located above the pressurized air orifice 42 and 
capillary housing 44. Accordingly, the liquid 
droplets and pressurized air will move at high ve- 
locity into the chimney. A cylindrical target 49 

45 extends horizontally across the cylindrical chimney. 
During operation of the nebulizer 10, intermit- 
tent air flow is created by the patienf s breathing. 
Atmospheric air enters the nebulizer through air 
inlet 20 as seen by arrows 22. The atmospheric air 

50 will travel in two directions once inside the housing. 
It will travel downward and toward the lower open- 
ing of the chimney as seen by arrow 50. Addition- 
ally, atmospheric air will pass through an opening 
51 in the horizontal target extending across the 

55 chimney as seen by arrows 52. Air which exits the 
horizontal target will then travel downward toward 
the bottom opening 32 of the cylindrical chimney. 
By use of the opening in the horizontal target. 
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atmospheric air is more evenly distributed in the 
housing. The air flow will then be directed upward 
through the Interior of the chimney. 

The horizontal target and opening 51 thereth- 
rough may be observed in the sectional view seen 
in Figure 2. 

The stream of pressurized air exiting from the 
orifice 42 and liquid droplets from the capillary 
tube will, thus, be caused to impinge against hori- 
zontal target 49. 

It will be observed that the fine mist being 
produced by the capillary orifice and horizontal 
target is mixed and swept along with the atmo- 
spheric air. This mixture of air and mist then 
passes upward into the upper portion of the chim- 
ney. 

An additional, removable baffle mechanism is 
provided at the top 31 of chimney 30. A valve 
holder 56 has a somewhat flexible body that may 
be force fit into the top opening 31. The valve 
holder might alternatively be fabricated as a part of 
the chimney 30. The valve holder may have a 
number of cross baffles, as best seen in the cross- 
sectioned view in Figure 3. 

The valve holder has an upwardly extending 
post 58 upon which may be placed a flexible 
membrane 60. The membrane acts as a one-way 
check valve to allow the mist to exit from the 
chimney into the housing 14. As the patient in- 
hales, the valve membrane lifts to allow the mist to 
pass from the chimney. The use of the valve holder 
and membrane 60 acts as a secondary baffling 
system and restricts some of the larger particles 
from passing to the outlet tube 24. 

It has been found that by use of the additional 
baffle mechanism, namely the valve holder and 
check valve, the average particle size Is reduced 
significantly. The average particle size may, thus, 
be controlled by installation and removal of the 
membrane and valve holder as dictated by the 
particular medication and treatment prescribed. 

Tests by an independent laboratory support the 
applicant's claim to a dramatic decrease in average 
particle size by use of a secondary baffling system. 

By placing this additional baffle mechanism in 
the chimney, larger droplets will be knocked out 
and will descend, returning to the medication cup. 

Figure 4 illustrates an alternate embodiment of 
a cylindrical chimney 64 for use in the housing 14. 
The chimney 64 is open at the bottom 66. A top 68 
extends horizontally across the chimney 64 with a 
pair of openings 70 in the cylindrical chimney. 

The top 68 of the chimney 64 acts as an 
additional target against which the liquid particles 
will impinge. Accordingly, the larger size particles 
will fall out and be prevented from passing to the 
outlet tube 24. 



The chimney 64, likewise, has an annular 
flange 72 extending therefrom which will rest 
against the sloping shoulder 28. The chimney 64 
would also include a horizontal target 74 extending 

5 across the cylindrical chimney 64. 

It will be appreciated that chimney 64 is inter- 
changeable with chimney 30. Accordingly, not only 
may the chimney 30 be used with or without the 
valve holder 56 and membrane 60. but the chim- 

10 ney 30 may be replaced with chimney 64. 

Returning to a consideration of Figure 1. the 
fine mist of liquid particles which exits from the 
chimney 30 into the housing will pass into outlet 
tube 24 and then to the patient (not shown). Any 

75 larger droplets 63 condense and fall out will de- 
scend to the flange 33, which is provided with a 
drain opening 76. The droplets will thereby return 
to the medication cup. 

Figure 5 illustrates an alternate embodiment 80 

20 of the nebulizer having a modified capillary housing 
82 and capillary tube 84 and having a modified 
chimney 86. 

As In the other embodiment, the cylindrical 
housing 14 has a closed top 16 and an open 

25 bottom 18. Atmospheric air inlet 20 extends 
through a sidewail of the cylindrical housing 14. An 
outlet tube 24 extends from an opening in the 
cylindrical housing 14 substantially opposite the 
inlet tube. 

30 The chimney 86 is inserted in the open bottom 
18 and an annular flange 88 extending from the 
chimney rests against the inside wall of the hous- 
ing. 

The open bottom of the housing 14 is closed 

35 by a medication cup 34. 

With a single capillary tube 46, as seen in 
Rgure 1, the medication cup 34 could be tipped at 
an angle and a portion of the medication would 
remain in the cup 34 and not be drawn into the 

40 tube. A salient advantage may be observed from 
the design of the capillary housing 82. In the 
present embodiment, the capillary housing 82 has 
a cylindrical lower end 90 which terminates near 
the bottom of the medication cup 34. Accordingly, 

45 no matter what direction the housing 14 is tipped, 
medication will be drawn In the capillary housing 
82. While this feature is achieved in other 
nebulizers through use of a coaxial jet. the present 
embodiment retains use of a capillary tube 84 

50 which is more efficient than a coaxial jet since it 
can be operated at lower pressurized air rates. 

The capillary tube 84 is in fluid communication 
with the capillary housing 82 so that medication is 
drawn therein. The capillary tube extends up to the 

55 orifice 42 of the tube 40. During operation, the 
stream of pressurized air flowing through the orifice 
42 will cause induction of liquid medication from 
the medication cup 34, through the capillary hous- 
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ing 82 and through the capillary tube 84 where the 
liquid droplets will be moved at high velocity into 
the housing 14. 

A cylindrical target 92 extends from the capil- 
lary housing 82 and Is located above the orifice 42. 
The stream of pressurized air exiting from the 
orifice 42 and the liquid droplets from the capillary 
tube 84 will, thus, be caused to impinge against 
horizontal target 92. 

It will be observed that the horizontal target 92 
of the present embodiment 80 is not attached to 
the chimney 86 but extends from the capillary 
housing 82. 

Any of the previously described secondary baf- 
fle mechanisms might be employed. 

Whereas, the present invention has been de- 
scribed in relation to the drawings attached hereto, 
it should be understood that other and further 
modifications, apart from those shown or suggest- 
ed herein, may be made within the spirit and scope 
of this Invention. 

Claims 

1. A nebulizer which comprises: 

a. a housing having a vertical axis, said 
housing having an open bottom, an air inlet 
tube extending into said housing, and an 
outlet tube extending from said housing: 

b. a bottom cup removably attached to said 
open bottom for storing a supply of liquid 
medication therein, said bottom cup having 
an opening therethrough; 

c. means to supply air under pressure 
through said bottom cup opening; 

d. capillary means extending from said bot- 
tom cup to said air supply means so that 
said liquid medication will be drawn up 
through said capillary means to form 
droplets; 

e. an axial cylindrical chimney inside said 
housing having an annular flange extending 
from said chimney and resting against said 
housing; 

f. horizontal target means extending across 
said cylindrical chimney perpendicular to 
said chimney axis for impingement of the 
said air supply and the liquid droplets on 
the target means, and means to conduct 
and distribute atmospheric air through said 
passageway from said air inlet tube in said 
housing. 

2. A nebulizer which comprises: 

a. a housing having a vertical axis, said 
housing having an open bottom, an air inlet 
tube extending into said housing, and an 
outlet tube extending from said housing; 



b. a bottom cup removably attached to said 
open bottom for storing liquid medication 
therein, said bottom cup having an opening 
therethrough; 

5 c. means to supply air under pressure 

through said bottom cup opening into said 
housing; 

d. capillary tube means extending from said 
bottom cup to said air supply means so that 

10 said liquid medication will be drawn up 

through said capillary tube means to form 

droplets; 

e. an axial cylindrical chimney inside said 
housing having an annular flange extending 

IS from said chimney, said flange resting 

against said housing, said chimney having 
removable check valve means at the top 
thereof, said flange having at least one drain 
opening permitting communication between 

20 fluid exiting said check valve and said cup; 

f. horizontal target means perpendicular to 
said chimney axis for impingement of said 
air supply and said liquid droplets on said 
horizontal target means and on said check 

25 valve means, said droplets being broken 

into smaller micron size droplets by the 
impingement for delivery to a patient; and 

g. means for removing remaining larger liq- 
uid droplets exiting from said check valve 

30 means by force of gravity, said larger 

droplets passing through said at least one 
drain opening in said chimney flange and 
back to said bottom cup at all times exterior 
to said chimney. 

35 

3. A nebulizer as set forth in claim 2 wherein said 
check valve means includes a valve holder 
removably received In an open top of said 
axial cylindrical chimney and a flexible valve 

40 membrane removably received on said valve 
holder. 

4. A nebulizer which comprises: 

a. a housing having a vertical axis, said 
45 housing having an open bottom . an air inlet 

tube extending into said housing, and an 
outlet tube extending from said housing; 

b. a bottom cup removably attached to said 
open bottom for storing a supply of liquid 

50 medication therein, said bottom cup having 

an opening therethrough: 

c. means to supply air under pressure 
through said bottom cup opening into said 
housing; 

55 d. capillary tube means extending from said 

bottom cup to said air supply means so that 
said liquid medication will be drawn up 
through said capillary tube means to form 
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droplets; 

e. an axial cylindrical chimney inside said 
housing having an annular flange extending 
from said chimney and resting against said 
housing, means to decrease the size of said s 
liquid droplets through impingement and cir- 
cuitous flow, said means including a closed 

top for impingement and openings In said 
cylindrical chimney near said top; and 

f. horizontal target means extending across io 
said cylindrical chimney substantially per- 
pendicular to said chimney axis for impinge- 
ment of said air supply and said liquid 
droplets on said horizontal target means, 

said droplets being broken into smaller mi- is 
cron size droplets. 



5. A nebulizer as claimed in claim 1, 2, 3 or 4 in 
which the horizontal target extends across the 
cylindrical chimney. 20 

6. A nebulizer as claimed in claim 5 in which the 
horizontal target means has a passageway 
therethrough for the flow of atmospheric air 
from the air inlet tube. 25 



7. A nebulizer as claimed in any of the preceding 
claims in which the housing Is cylindrical and 
includes a closed top. 

& A nebulizer as claimed in any of the preceding 
claims in which the capillary means includes a 
cylindrical lower end which temninates near the 
bottom of the medication cup. 
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